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Effect of knee pain on joint loading in patients with ~ 
osteoarthritis 
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Treatment of patients with osteoarthritis is often directed at 
relieving pain and restoring function. Pain, however, may serve 
as a protective mechanism in that patients may decrease their 
levels of activity or alter the manner in which they perform 
activities in response to pain. Pain reduction may result in 
increased loads on the joints during dynamic activities, which 
may result in more rapid disease progression. Therefore, treat- 
ment methods that relieve pain but result in a loss of the 
protective mechanisms associated with pain may not be bene- 
ficial in the long term. This mechanism of decreased pain asso- 
ciated with an overuse of the degenerated joint has been 
referred to as an "analgesic arthropathy." This article 
discusses common treatments or interventions used for 
patients with knee osteoarthritis and their potential effects on 
pain levels and loads at the knee joint during walking. 
Understanding Ihe relationship between treatment methods, 
pain, and the knee joint loads during walking is important 
because walking is the most frequently performed activity, and 
the cyclic loads at the knee joint during walking are high. Curr 
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Treatment modalities for knee osteoarthritis (OA) are 
frequently directed at decreasing pain and thereby 
improving function. Nonsteroidal anti-inflammatory 
drugs (NSAIDs) and analgesics arc designed to reduce 
pain. Pain, however, may be a protective mechanism 
that keeps the patient from overloading the degenera- 
tive portion of the joint. Pain may cause patients to 
adapt their manner of walking to protect the 
nstenarthntic joinr. These dynamic adaptations likely 
result in either reduced loads or increased joint stability. 
Kor example, among patients with end -stage hip OA, 
pain levels were inversely correlated with the peak 
external hip extension moments during gait [1]. The 
loss of the pain protective reflex from decreases in pain 
levels likely results in increased load on the joint. This 
mechanism of decreased pain from NSAIDs or anal- 
gesics associated with an overuse of the degenerated 
joint is one of the mechanisms associated with an "anal- 
gesic arthropathy""' [2]. Controversy exists as to whether 
analgesics or NSAIDs result in accelerated joint degen- 
eration [3-5], from either a loss of the pain protective 
mechanism or from an effect on cartilage metabolism. 

To assess whether excessive joint loading from an "anal- 
gesic arthropathy" results in accelerated joint degenera- 
tion, a greater understanding of the role of dynamic joint 
loading in the natural history of knee OA is needed. 
I'cw studies have addressed this issue, which is surpris- 
ing given that two major mechanisms associated with 
the pathogenesis of OA are I) increased load across the 
articular cartilage and 2) alterations in the ability of the 
articular cartilage to withstand loads [6-10|. In iivo 
animal experiments indicate that impulsive loading and 
joint instability resulted in bone or cartilage changes 
commonly associated with OA ( 1 1 — 1-1]. Severe OA 
rapidly developed in dogs following a dorsal root 
gaglionectomy and an anterior cruciate ligament transec- 
tion 1 14). The rapid development of OA was attributed 
to the increased ground reaction forces, which were MY% 
higher in these dogs compared with dogs with sham 
procedures [I.S|. Moreover, dogs with just an anterior 
cruciate ligament transection did nut walk with 
increased ground reaction forces and did not show 
extensive OA changes in the same time period. The 
increased ground reaction forces and associated OA mav 
have residted from the impaired ability of the dogs to 
detect knee instability or pain 17.14). Kvidence that 
knee joint loads play a role in the development or 
progression of knee OA is further seen in the consis- 
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tently positive relationship unions; men between jobs 
involving knee bending and knee OA [ 16. J 7|. "and 
studies that related obesity to the extent of radiographic 
worsening of OA in women | IS.l^l. 

The loads acting at The knee may have important impli- 
cations with regard to disease progression and outcome 
from both surgical and nonsurgical treatments [20,21]. 
This article summarizes how treatment methods for 
patients with medial-eomparcment knee OA relate to 
changes in both pain levels and dynamic knee joinr 
loads during walking. How these changes in pain levels 
and dynamic loads may relate to disease progression is 
then discussed. 

Dynamic knee toads during gait 

Walking is the most frequently preformed activity, and 
the loads during this activity are high. Direct measure- 
ment of joint loads during walking is not feasible on a 
large scale in humans because of .the invasive nature of 
the method; however, gait analysis can be used to calcu- 
late the external joint-loading parameters that are 
directly related to the internal joint loads. Kstimates of 
the peak knee forces during walking have ranged from 
three to seven body weights when predicted by analytic 
models [22-24| and were similar to those measured /// 
iko (2.3 to 2.5 body weights) in a patient |25|. In addi- 
tion, the peak force on the medial com parr men r of the 
knee is almost 2.5 times that of the lateral compartment 
[23], This may account for medial-compartment OA 
being more prevalent than lateral-compartment OA. 

I he knee adduction moment has been shown to be a 
major determinant of not just the total load across the 
knee joint but also its distribution between the medial 
and lateral plateaus [25]. V ariations in the adduction 
moment were associated with variations in the distribu- 
tion of bone between the medial and lateral plateaus 
|2f>»»). The higher the adduction moment, the greater 
the load on the medial plateau relative to that of the 
lateral plateau and the higher the bone mineral content 
in the proximal tibia under the medial plateau compared 
with that under the lateral plateau (2<i»«|. An increased 
adduction moment may be associated with a higher 
prevalence of medial compartment OA or a faster rate of 
disease progression. Therefore, understanding the rela- 
tionship between pain reduction and changes in the 
knee adduction moment is particularly relevant to 
understanding the role of loading in the progression of 
medial-compartment knee OA. 

Pain and dynamic knee loads 

Two separate studies demonstrate that pain intensity 
among patients with knee OA was rehired to the adduc- 
tion moment. The first study consisted of IK patients 
with radiographic evidence nf grade II or 111 knee OA 



and a \ arus deformity who were evaluated before and 
after the use of an NSAID [27]. Following NS AID use. 
an improvement was shown in the degree of pain and 
activity of daily living parameters; however, this pain 
improvement was accompanied by an increase in the 
knee-joint loads during walking as seen by the increased 
external knee adduction and flexion moments. Similar 
changes in the knee-joint loads were also reported 
following the use of a pure analgesic agent [2H1. 
Although the knee adduction moment is related to an 
increased load on the medial compartment, the 
increased external flexion moment is related to an 
increased net quadriceps muscle activity. Pain relief 
may have permitted the quadriceps muscle to generate a 
larger moment to improve joint stability; however, an 
increased external flexion moment contributes to an 
overall increase in knee-joint forces [23]. Some of the 
increased knee-joint loads in this study were a conse- 
quence of faster walking speeds following the use of the 
XSAIDs. Hlin et at. [29] also showed that NSAID use 
among patients with knee OA resulted in significant 
improve men ts in degree of knee pain (27%) and 
walking speeds Walking at faster speeds results 

in increased ground reaction forces and external knee 
moments [50.51 ). 

The second study focused in greater detail on the rela- 
tionship between pain and knee-joint loads during gait. 
This study involved patients with knee pain and radi- 
ographic evidence of medial enmparcment OA who were 
pare of a larger group enrolled in a double-blinded study 
[32* •.53]. Patients initially discontinued their XSAIDs 
or analgesics for 2 weeks. Following the 2 -week washour 
period, they underwent a clinical and gait evaluation. 
They were then given either an analgesic. NSAID. or 
placebo, and a second gait and clinical evaluation was 
repeated 2 weeks later. An inverse relationship was 
found between level of pain and the external adduction 
moment. The patients whose pain decreased had a 
significantly increased adduction moment between the 
first and second gait evaluations (P < 0.001). Conversely, 
the patients whose pain increased had a decreased 
adduction moment. In contrast to the previous study 
re la ring the use of NSAIDs to increased knee-joint 
loads, the walking speed of the trials analyzed were not 
significantly different among the evaluations. This 
suggests that patients used an additional mechanism 
besides reductions in walking speeds to dynamically 
decrease rhe load on the medial compartment. 

Others have shown that the range of stance phase knee 
flexion was inversely correlated with the intensiry of 
pain in patients with radiographic symptomatic knee OA 
and rheumatoid arthriris [54 1. A decreased knee-flexion 
angle during midstance, when the knee is loaded, likely 
results in decreased compressive fortes across rhe knee 
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joint. Stauffcr /*//// [3-4] also demonstrated thar rhe rates 
of vertical loading and peak vertical forces were less in 
those with symptomatic OA compared with m normal 
subjects, although Messier et ///. [33] found no signifi- 
cant differences in these forces when comparing svmp- 
romuric knee OA patients with healthy control subjects. 

Although studies have demonstrated that symptomatic 
patients with knee OA have decreased joint loads 
because of pain [27,28.32^*,33.34]. Ratlin et aL [36] 
inferred that, in the absence of pain, subjects who may 
be more predisposed to developing knee OA have 
higher impulsive loads during walking. In this studv, the 
impulsive toad at heel strike was examined in two 
groups of subjects: 1) a "preosteoarthnne" group, 
consisting of subjects with no radiographic evidence of 
knee OA who were free of knee pain at the time of 
testing but had a history of knee pain; and 2) a healthy 
group, consisting of subjects with no history of knee 
pain or radiographic evidence of OA [36]. The subjects 
with a history of knee pain had a higher loading tate at 
heel strike, a lower maximum kncc-tlexion angle during 
stance, and a shorter duration of eccentric quadriceps 
contraction during stance compared with rhe healthy 
subjects. The altered knee angles and quadriceps activa- 
tions could have resulted in less shock absorption; 
however, whether OA developed more frequently in the 
"preosteoarthritic" group compared with that of the 
normal group remained unknown. 

Disease severity and dynamic knee loads 

If the knee adduction moment relates to the load on the 
medial compartment of the knee joint, then one would 
anticipate that the knee adduction moment would corre- 
late with the severity of medial compartment knee OA. 
In a cross-sectional study of 34 patients with medial- 
compartment knee OA, the radiographic severity of the 
disease was related to the magnitude of rhe adduction 
moment during gait [37»*]. The knees with more 
advanced OA. as assessed by the Kellgren and 
Lawrence grading system <KL 3 or 4). had a significantly 
higher knee adduction moment than did knees with 
less-severe OA (KL 0-2) t/ J < 0.0001). Similarly, the 
joint-space width was significantly correlated (inverse 
relationship) with the knee adduction moment ( /' < 
0.003). The relationship between disease severity and 
magnitude of the load persisted even after accounting 
for rhe confounding effects of pain. age. and gender. 

High tibial osteotomy and dynamic knee 
loads 

The findings relating disease severity to the adduction 
moment were consistent with a prospective study 
demonstrating that individual variations in the preopera- 
tive adduction moment during gait related to the radi- 
ographic anil clinical outcome from a high ribial 



osteotomy <HTO) [20.21]. The objective of an I ITO is 
to realign rhe tibia and femur such that some of the load 
on the media! arthritic compartment is transferred to rhe 
more normal lateral compartment. Twenty- Four patients 
with 3 to 9 years' follow-up were tested with gait analy- 
sis before surgery. Surgical candidates with a lower 
preoperative adduction moment during gait had better 
long-term radiographic and clinical outcomes than did 
candidates with a higher preoperative adduction 
moment during gait. 

A separate study demonstrated that the postoperative 
adduction moment was a better predictor of the postop- 
erative clinical outcome than was the postoperative 
mechanical axis [38]. In addition, although the preopera- 
tive adduction moment was nor correlated with the 
mechanical axis, the postoperative adduction moment 
was correlated with the postoperative mechanical axis 
1 38]. Preoperative! \\ pain levels may have confounded 
the relationship between the mechanical axis and the 
adduction moment. 

Summary 

The knee-joint loads during walking and other activities 
may influence the natural rate of disease progression 
and surgical [20,2 1 1 and nonsurgical treatment 
outcomes. Of concern is rhe fact that decreases in pain 
were associated with an increase in knee-joint forces 
during walking [27,28.32»».33|. These data were consis- 
tent with the idea that decreased pain levels lead to a 
loss of the pain-protective retlex and result in increased 
joint loads. Whether these increased loads from 
decreased pain levels lead to an accelerated rate of 
degeneration or an "analgesic arthropathy 1 ' is yet to be 
determined. 

Currently, interventions aimed at reducing the knee- 
joint loads are rare and focus primarily on weight loss 
and HTO. Weight loss reduces the axial forces on the 
knee and has been shown to result in a decreased risk 
for symptomatic OA |I«S|. If decreased joint loads are 
associated with a decrease in prevalence or disease 
progression of medial-compartment knee OA, then 
specific interventions need to be developed to decrease 
rhe load on the medial compartment of the knee joint. 
Toe-out angle lias been related to the magnitude of the 
adduction moment |2L3°T Interventions such as gait 
retraining to increase toe-out angle or foot orthoses that 
increase toc-our angle may be beneficial for decreasing 
rhe atlducrioii moment. In patients with medial- 
compartment knee OA. gait ret mining may achieve a 
red net "urn in the dynamic load and thereby have a 
disease-modifying effect. Gair retraining has been 
shown to be et tec live among patients with long-term 
injuries to the posterolateral structures of the knee and 
who walk with excessive knee hypciextension [401. 
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Ideally, then, clinical interventions need to provide pain 
relief without an increase in joint load. Given that 
several studies indicate rhar joint loads were increased 
folio win» pain relief [27,28..>2« care should be 
taken in the use of pharmaceuticals directed at reducing 
pain because a reduction in pain seems to he directly 
related to increased loading of the degenerative portions 
of the joints. Some investigators have suggested that 
changes in loading parameters may be different based 
on the class of analgesic agents or even among the 
different N'SAIOs or that a threshold for drug concentra- 
tion that allows for an analgesic effecr without adversely 
altering the knee-joinr loading m;ty exist [28). Long- 
term prospective studies are still needed to evaluate 
these issues and definitively determine whether 
increased loading during walking resulting from 
decreased pain caused by XSAIDs or analgesics results 
in accelerated disease progression. 
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